Purpose of Review To determine the efficacy of mindfulness-based interventions (MBIs) on clinical and patient-reported outcomes in rheumatoid arthritis (RA). Recent Findings We identified randomized clinical trials from inception through April 2018 from MEDLINE, PsycINFO, EMBASE, CINAHL, Web of Science, the Cochrane Library, and hand searches. After screening 338 references, we included five trials with one post-hoc analysis that evaluated MBIs and collectively included 399 participants. Outcome instruments were heterogeneous across studies. Three studies evaluated RA clinical outcomes by a rheumatologist; one study found improvements in disease activity. A limited meta-analysis found no statistically significant difference in the levels of DAS28-CRP in the two studies that evaluated this metric (− 0.44 (− 0.99, 0.12); I 2 0%). Four studies evaluated heterogeneous psychological outcomes, and all found improvements including depressive symptoms, psychological distress, and self-efficacy. A meta-analysis of pain Visual Analog Scale (VAS) levels post intervention from three included studies was not significantly different between MBI participants and control group (− 0.58 (− 1.26, 0.10); I 2 0%) although other studies not included in meta-analysis found improvement. Summary There are few trials evaluating the effect of MBIs on outcomes in patients with RA. Preliminary findings suggest that MBIs may be a useful strategy to improve psychological distress in those with RA.
include mindfulness-based stress reduction (MBSR) and mindfulness-based cognitive therapy (MBCT). These courses are typically led by certified instructors with a mental health background [7, 8] . Several other mindfulness-based multimodal psychotherapies have been developed, and we describe the results of three that have been tested in RA patients: mindful awareness and acceptance therapy (MAAT), the vitality training program (VTP), and internal family systems (IFS).
Proposed Mechanism of Mindfulness
MBIs have been shown to improve mental health including anxiety, depression, and perceived stress [9] [10] [11] . There is evidence that MBIs improve psychological well-being via improved cognitive and emotional reactivity [12] . This may be useful for chronic disease states, such as RA, in which the burden of disease-related symptoms and emotional dysregulation may be high [13, 14] . A recent systematic review and meta-analysis by Gu et al. used two-stage meta-analytic structural equation modeling (TSSEM) to evaluate various underlying mechanisms of MBIs on psychologic function [12] . There was strong evidence that MBIs improved cognitive and emotional reactivity and moderate evidence for improvements in mindfulness, rumination, and worry.
Reviewing the available data for MBIs in patients with RA is a critical step in determining whether this may be a useful adjunctive strategy for treatment of this chronic inflammatory disease. The objective of this review was to determine if MBIs improve mental and/or physical health domains in patients with rheumatoid arthritis (RA).
Methods

Eligibility Criteria
We included randomized, parallel group-controlled trials. The review was limited to the English language. We reviewed studies performed in adults with RA. There were no any exclusions of study populations based on gender, severity, or duration of RA. The intervention of interest included primary mindfulness interventions including MBSR. Additional multimodal and primarily psychotherapy-based mindfulness interventions were also included. RA patients participating in MBIs were compared to RA patients not participating in MBIs. This included both active and wait-list control groups.
The primary outcomes of interest were pain, anxiety, depression, self-efficacy, and coping, as well as measures of RA disease activity. Any composite index of psychological wellness and distress was reviewed and synthesized if homogenous.
The following databases were searched on April 19, 2018: Medline (PubMed), Embase, Web of Science, Cumulative Index of Nursing and Allied Health Literature (CINAHL, Ebsco), Cochrane Central Register of Controlled Trials, and PsycINFO (Ebsco). Our search strategy is included in Table 4 (Appendix). The search strategies for each platform were developed separately using controlled vocabulary as well as keywords related to individual concepts. These concepts were combined using appropriate Boolean operators. The concepts of interest included (1) mindfulness, (2) rheumatoid arthritis, and (3) RCT (study design of interest).
Data Collection and Analysis
Studies identified from the above search strategy were screened by two independent reviewers (DD, MCB) for potential relevance using Covidence [15] . At the first stage, studies were reviewed for inclusion based on title and abstract screening. Disputes between reviewers were resolved with discussion. Of the included studies, a full-text review for potential relevance was performed. Disputes between reviewers were resolved with discussion and involvement of a third reviewer (CB). The study selection process was reported in a PRISMA flow diagram [16] . Relevant demographic and outcome data from included studies were evaluated by two independent reviewers (DD, MCP) and included in qualitative synthesis. There was significant heterogeneity among outcomes and only limited quantitative synthesis was possible.
Included studies were assessed on five domains: selection bias, performance bias, detection bias, incomplete outcome data, and reporting bias (Table 5 , appendix), adopted from the Cochrane protocol [17] . We constructed risk of bias tables using Revman 5.3.
Psychological outcomes, measures of disease activity, and physical function were reported as continuous variables or in diary format [18, 19] . Individual participants were the unit of analysis. We only included randomized, parallel group studies. We attempted to impute data from tables and graphs where possible. We contacted the study authors for clarification, if necessary. Due to the small number of anticipated included studies, we avoided use of funnel plots and assembled findings in table form [20] .
We evaluated the effect of MBIs on physical and mental health; factors assessed included individual study methods, patient comorbidities, and study size. We evaluated the body of literature's strengths and limitations including to what populations and settings the results were generalizable. Finally, we attempted to pool study outcomes for meta-analysis. We assessed statistical heterogeneity using the I 2 statistic, Q statistic, and tau statistic, generated using Revman 5.3. Significant heterogeneity was considered for I 2 statistics greater than 75% and precluded meta-analysis. A random effects model was used to determine statistical heterogeneity.
The strength of evidence for each main outcome was analyzed in accordance with Grading of Recommendations Assessment, Development and Evaluation (GRADE) Working Group guidelines [21] . GRADEpro GDT software was used for analysis [22] . To address meta-bias, two reviewers screened abstracts, extracted data, and assessed bias independently. Disputes were resolved with reviewer discussion and a third reviewer (CB).
Results
Study Selection and Characteristics
The literature search and cross-reference check produced 507 references, collectively, from Medline (54), Embase (112), CINAHL (54), PsycInfo (69), Cochrane (56), Web of Science (162) (Fig. 1 ). There were 169 duplicates removed; 338 studies underwent title and abstract screening, of which 291 studies were removed. There were 47 studies assessed for full-text eligibility, and 41 were excluded (28 studies did not evaluate MBIs in RA; 9 studies were not RCTs; 3 studies did not include RA patients; and 1 additional duplicate was noted) ( Table 1) . There were five studies included in the qualitative synthesis; Davis et al. was a post hoc analysis of the original trial by Zautra et al. [18, 19, [23] [24] [25] [26] .
There were two studies that evaluated MBSR, one study that evaluated VTP, one study that evaluated IFS, and one study that evaluated MAAT (Table 2 ) [18, 19, [23] [24] [25] [26] . The characteristics of these five studies including patient population, intervention, course instructor, and program length are listed in Table 3 . All of the studies evaluated patient-reported outcomes; four studies evaluated RA clinical outcomes determined by rheumatologists [18, 19, 23, 24, 26] Trials were based in the USA [18, 19, 23, 26] , England [25] , Norway [25] , and New Zealand [24] . Study participants had RA based on physician diagnosis; two studies required participants to meet the 1987 American College of Rheumatology Diagnostic Criteria [24, 25] . Participants were mostly female and 50-60 years of age. Studies were conducted at university hospital-associated clinics by psychologists or certified healthcare professionals. The study by Zautra et al. with post hoc analysis by Davis et al. analyzed RA patients based on a history of recurrent depression.
Intervention Characteristics
An MBSR course is a standardized program developed at the University of Massachusetts Medical School and consists of a two and a half hour introductory session, seven weekly two and a half hour active sessions, and a 4-h silent retreat [27] . Sessions consist of a variety of mindfulness activities such as guided imagery, body scan, mindful eating, and gentle yoga ( Table 2) . Pradhan et al. and Fogarty et al. were the only identified RCTs that employed the traditional MBSR program as the study intervention [23, 24] . There were no identified RCTs in an RA population that used MBCT as the study intervention.
Other multi-modal MBIs include VTP, IFS, and MAAT. VTP is a group therapy that focuses on specific topics related to living with chronic disease and includes creative exercises and as well as music, drawing, and poetry. IFS is longer in duration (36 weeks) than the other MBIs and incorporates both group therapy and individual sessions. IFS does not include moving meditations such as yoga or walking. MAAT includes shorter meditation components than traditional MBSR or MBCT methods without a day-long retreat or yoga.
Mindfulness-Based Stress Reduction
Pradhan et al. studied the clinical and psychological outcomes after completion of an MBSR course with three booster sessions over the course of 4 months [23] . Participants were enrolled in a traditional MBSR program composed of seven weekly 2.5-h sessions and one full-day retreat; mindfulness practice at home for 45 min per day, 6 days per week, was encouraged. The MBSR course was compared to a usual care, wait-list control group that was offered the program for free after conclusion of the wait-list period. The MBSR program was run by clinical psychologists trained in MBSR. Clinical outcomes (TJC, SJC) were performed by two rheumatologists masked to treatment status. Patients continued to receive their RA prescription medication throughout the study.
Fogarty et al. evaluated clinical RA outcomes after a traditional MBSR course without booster sessions [24] . Courses conducted at a university-hospital setting led by a clinical psychologist trained in MBSR. Clinical outcomes were assessed by a masked research assistant. The MBSR course was compared to a usual care, wait-list control group who was offered the course free of charge after the wait-list period. [19] . The MBI was originally referred to as mindfulness meditation and emotional regulation therapy [19] and later referred to as mindful awareness and acceptance therapy (MAAT) [18] . The mindfulness program was compared to cognitive behavioral therapy (CBT) for pain and an educational control. Outcomes were obtained via diary measures, organized by blinded research assistants; half of the participants from each group were randomized to receive laboratory and clinical assessments by a rheumatologist (unclear if blinded). Davis et al. later analyzed the diary assessments, including a sub-group analysis for those with recurrent depression, focusing on fatigue, pain catastrophizing, morning disability, interpersonal stress, pain-related cognitions, serene affect, and anxious affect.
Internal Family Systems
Shadick et al. evaluated psychological outcomes and RA clinical outcomes after completion of the psychotherapeutic program conducted by a trained IFS specialist [26] . The IFS program consisted of both individual and group sessions that was 9 months in duration. Clinical outcomes were collected by rheumatologists masked to the treatment group. The IFS program was compared to an RA education group that served as a minimal attention control group. Overall, there was serious bias attributed to all included studies (Fig. 2) . It was not possible to blind participants to the intervention, introducing a risk of bias for known treatment allocation. However, Zautra et al. argued that participants were not made aware of other treatment groups [19] . 
Outcomes
Patient-reported and clinical outcomes were variable across studies (Table 3) . Depressive symptoms, evaluated in three studies [18, 19, 23, 26] , were significantly improved post-intervention. Zautra et al. grouped participants based on a history of recurrent depression, noting greater improvements in daily fatigue (numeric rating scale, 0-100) for those with recurrent depression compared to CBT or education [19] . Psychologic distress (SCL-90R:General Severity Index, GHQ-20) and anxiety (PANAS-X: Anxious Affect, State-Trait Anxiety Inventory) were improved for MBI participants compared to controls in three studies [18, 23, 25] with one study reporting no difference [26] . After participation in the VTP, self-efficacy and emotional processing (Arthritis Self-Efficacy Scale, Emotion Approach Coping Scale) were improved in RA participants [25] . There were three studies that evaluated the DAS28 composite RA disease activity index with mixed findings [23, 24, 26] . Pain VAS was evaluated in three studies with discrepancies in improvement [24] [25] [26] ; daily pain scores (diary method) and pain catastrophizing were found to be improved in one study [18, 19] .
Reported outcomes across MBIs were very heterogeneous and only limited meta-analysis was possible. PROs assessed in at least two studies included the patient global assessment of disease activity (PGA), pain level based on a numeric rating scale, and DAS28-CRP. The PGA was analyzed by Fogarty et al. [24] and Zangi et al. [25] The PGA was found to be significantly reduced post-intervention in the VTP study and unchanged in the MBSR study; however, the I 2 statistic was 83%, representing significant statistical heterogeneity, and this outcome was excluded from metaanalyses. Pain according to a numeric rating scale was evaluated by Fogarty et al. [24] , Zangi et al. [25] , Shadick et al. [26] , and Davis et al. [18] evaluated daily pain via diary methods which was unlike the single-score, postintervention ratings reported by the two included studies [18, 19] . Using a random effects model for assessment of statistical heterogeneity, no significant difference in pain VAS level was found immediately post-MBI (MBSR, VTP, IFS) (Fig. 3 ). The quality of evidence was determined to be low according to GRADE criteria (risk of bias, directness, consistency, and precision). There was serious risk of bias (unblinded studies), and pain VAS scores were extracted across three different MBIs which affected the quality of evidence. No significant between-group differences in disease activity between MBSR and wait-list control at 2 months. Improvements in depressive symptoms, psychologic distress, psychological well-being at 6 months. Mindfulness compared to education and CBT-P for RA patients with recurrent depression had significant improvements in negative affect, positive affect, and TJC. Mindfulness showed the greatest improvements in pain, stress reactivity, and pain catastrophizing post intervention compared to CBT-P and education. Post hoc analysis: Mindfulness showed greater improvements in pain-related changes in catastrophizing, morning disability, fatigue, anxious affect, serene affect compared to CBT-P and Education. There were also improvements in disability compared to CBT-P only. Of note, for those with recurrent depression, mindfulness showed greater improvements in fatigue compared to CBT-P and education. [23, 24, 26] . There was low-quality evidence that there was not a statistically significant difference in DAS28-CRP levels post-intervention (− 0.44 (− 0.99 to 0.12); I 2 = 0%) (Fig. 3) . According to the GRADE criteria, there was serious indirectness for the comparison in which the IFS program is a psychotherapy that includes individual and group sessions, incorporating mindfulness elements, while MBSR is a traditional, group-based MBI.
Discussion
This is the first systematic review to evaluate MBIs for patients with RA. There were six articles describing five RCTs examining the effect of traditional MBIs (MBSR) and multi-modal and psychotherapeutic mindfulness-based interventions (MAAT, VTP, IFS) compared to wait-list, attention-control groups, and CBT. There were only two studies that evaluated the traditional MBSR program in RA patients versus a wait-list control group. Fogarty et al. only focused on RA clinical outcomes and reported limited results in their published letter to the editor; Pradhan et al. evaluated both psychological and RA clinical outcomes [23, 24] . Fogarty supplied unpublished group data for the purpose of meta-analysis when requested by the study authors. Future studies evaluating the effect of MBSR in RA patients should ideally match the control group for attention and time to limit control group bias.
Due to the heterogeneity of interventions (MBSR, VTP, IFS), outcome measures (Table 3) (VTP) did not find any significant differences in levels. We felt that the averaged-daily dairy method by Zautra et al. was not similar enough to the post-intervention pain score to be included in meta-analysis. Validated and standardized outcome measurement instruments should be implemented in future studies evaluating MBIs.
Yoga was an important aspect of the MBIs that was not well described. Only Pradhan et al. explicitly stated that yoga was part of the intervention. Fogarty et al. later clarified that gentle yoga was incorporated into their program. Gentle yoga is an essential component of the MBSR program and an important tool for learning mindfulness [27] . Yoga has previously been shown to improve physical and psychological outcomes in adults with RA [28, 29] . MBIs that contain a yoga component must be carefully reviewed and tailored for patients with RA to avoid injury [30] . For RA patient with physical limitations, a yoga practice in the MBI may be discouraging if not appropriately tailored to this patient population.
Based on limited evidence, this review suggests that MBIs and other multi-modal approaches may be effective for improving patient-reported outcomes and emotional disturbances related to RA. One included study evaluated RA patients with and without recurrent depression and found significant improvements in pain (including catastrophizing), tender joint count, fatigue, negative and positive affect, and stress reactivity [19] . Improvement in the subjective components of RA disease activity, including the patient global assessment and tender joint count, was found in three studies [19, 24, 26] . As described above, there was significant statistical heterogeneity for the PGA (I 2 83%), and this outcome was not included in metaanalysis; there was incomplete group level data to perform a meta-analysis for the tender joint count. Improvements in the subjective components of disease activity may have been mediated through improvements in emotional reactivity, coping, and self-efficacy [12, [31] [32] [33] . Future work exploring the effect of MBIs for RA patients, especially with comorbid anxiety and depression, is required to determine whether this may be a useful adjunctive strategy for RA management. 
Conclusion
There is limited, low-quality evidence available in the literature on MBIs for adjunctive treatment of RA. The included studies suggest benefit in psychological outcomes for RA participants enrolled in a MBI compared to control (CBT, education, wait-list). There are inconclusive findings regarding the effect of MBIs on RA disease activity and pain. 
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Appendix
Inadequate description of the envelope process, which is often the case, should be marked as "unclear risk of bias."
Performance bias
If methods to mask participants and physicians were described and these methods had a reasonable chance of being effective.
If treatment assignment known by patient/physician.
If the study did not discuss methods of masking the participant or physician.
Detection bias Methods to mask the outcome assessor were described. The outcome assessor was not-masked.
Methods to mask the outcome assessor were not described.
Incomplete outcome data/attrition bias Losses to follow-up are similar in number and in reason between intervention and control. An intention to treat analysis is performed.
Losses to follow-up are more than 10% different between the intervention and control groups.
If attrition is not reported or reasons for loss of attrition are not reported.
Reporting bias If the primary outcome(s) in the methods section is identical to those reported in the results section of the manuscript. If a protocol is available, we will also review for discrepancies between targeted outcomes and results.
If the primary outcomes differ between the methods section or protocol and manuscript.
If there is no reported primary outcome in a trial registry, the outcome will be considered "unclear."
